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(54) Planar antenna with two resonating frequencies 



(57) A planar antenna comprises a planar radiating 
element (600) formed of a conductive area confined by 
a substantially continuous border line. The conductive 
area is split by a gap which divides the planar radiating 
element into a first branch and second branch such that 
both the first and the second branch have an outermost 
end. The gap has a head end on said substantially con- 
tinuous border line and a tail end within the conductive 



area. At its head end (601) the gap has a certain first 
direction and at another point (603) a certain second di- 
rection which differs from the first direction by more than 
90 degrees when the directions are defined along the 
gap from the head end towards the tail end. The outer- 
most end of the second branch, confined by the gap, is 
located within the continuous border line, surrounded by 
the first branch. 
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Description 

[0001] The invention relates in general to antenna 
structures in radio apparatuses. In particular the inven- 
tion relates to a planar inverted-F antenna (PIFA) struc- 
ture that has two resonating frequencies. 
[0002] Fig. 1 shows a known basic model of a planar 
inverted-F antenna 100 comprising a planar electrically 
conductive radiating element 101, electrically conduc- 
tive ground plane 102 parallel to said radiating element, 
and, connecting these two, a ground contact 103 which 
is substantially perpendicular to the radiating element 
and ground plane. The structure further includes a feed 
electrode 104 which also is substantially perpendicular 
to the radiating element and ground plane and which 
can be coupled to an antenna port (not shown) of a radio 
apparatus. In the structure of Fig. 1 the radiating ele- 
ment 101, ground contact 103 and the feed electrode 
104 are usually manufactured by cutting a thin metal 
sheet into a suitable rectangular shape which has got 
two protrusions bent to a right angle. The ground plane 

102 may be composed of a metallized area on the sur- 
face of a printed circuit board so that the ground contact 

103 and feed electrode are easily connected to holes 
on the printed circuit board. The electrical characteris- 
tics of the antenna 100 are affected in general by the 
dimensions of its elements and in particular by the size 
of the radiating element 101 and its distance from the 
ground plane 102. 

[0003] A disadvantage of the antenna structure de- 
picted in Fig. 1 is its poor mechanical sturdiness. Various 
solutions have been proposed to this problem. Europe- 
an Patent document No. 484,454 discloses a PIFA 
structure according to F ig. 2 wherein a radiating element 
201 , ground plane 202 and a ground contact 203 con- 
necting these two are realized as metal platings on sur- 
faces of a solid dielectric body 204. The antenna is fed 
through a coupling element 205 which does not touch 
the radiating element 201 . An electromagnetic coupling 
exists between the coupling element 205 and radiating 
element 201 , and the coupling element extends over the 
edge of the dielectric body 204 to a point that can be 
coupled to the antenna port of a radio apparatus. The 
structure is mechanically sturdy, but the dielectric body 
block makes it rather heavy. Furthermore, the dielectric 
body makes the impedance bandwidth of the antenna 
narrower and degrades the radiation efficiency as com- 
pared to an air-insulated PIFA structure. 
[0004] The radiating element of a planar inverted-F 
antenna need not be a simple rectangle as in Figs. 1 
and 2. Fig. 3 shows a known PIFA radiating element 301 
design. The rectangular shape is broken by a gap 302 
which forms a sort of strip in that portion of the radiating 
element which is farthest away from the feed point 303 
and ground contact 304. The purpose of the gap usually 
is to increase the electrical length of the antenna and 
thus affect the antenna's resonating frequency. 
[0005] All the PIFA structures described above are 



designed such that they have a certain resonating fre- 
quency as well as an operating frequency band center- 
ing round said resonating frequency. In some cases, 
however, it is preferable that the antenna of a radio ap- 

5 paratus have two different resonating frequencies. An 
example of such a case is a cellular radio system termi- 
nal which has to be capable of operating in two different 
cellular radio systems or in two different frequency rang- 
es of a single cellular radio system. The difference of 

10 the frequencies may be considerable as at the moment 
of writing this patent application the frequency areas of 
currently existing cellular radio systems range from 
• about 400 MHz to about 1900 MHz, and it is probable 
that even higher frequencies will be taken into use in the 

15 future. 

[0006] Figs. 4a and 4b show dual-frequency PIFA ra- 
diating elements known from the publication "Dual-Fre- 
quency Planar Inverted-F Antenna" by Z.D. Liu, P.S. 
Hall, D. Wake, IEEE Transactions on Antennas and 

20 Propagation, Vol. 45, No. 10, October 1997, pp. 
1451-1457. In Fig. 4a the antenna comprises a rectan- 
gle-shaped first radiating element 401 and a second ra- 
diating element 402 surrounding said first radiating ele- 
ment from two sides. The first radiating element has got 

25 a feed point 403 and ground contact 404 of its own, and 
the second radiating element has got those of its own, 
405 and 406. In Fig. 4b the antenna comprises a con- 
tinuous radiating element 410 which is split into two 
branches by a gap 41 1 . The feed point 41 2 is located 

30 near the inner end of the gap 411 so that it can be said 
that the branches have different directions from the feed 
point on. Both branches have electrical lengths of their 
own which differ from each other considerably. The 
ground contacts 413 are located near the edge of the 

35 structure. 

[0007] It is further known a dual-frequency PIFA radi- 
ating element 501 according to Fig. 5 which has got two 
branches in the same manner as the radiating element 
in Fig. 4b. In Fig. 5, the outermost ends of both branches 

40 extend to the edge of the printed circuit board, depicted 
by the broken line, which supports the radiating element. 
This structure provides a somewhat wider antenna im- 
pedance band, i.e. frequency range around a particular 
resonating frequency in which the antenna impedance 

45 matching to the antenna port of the radio apparatus is 
good. At the same time, however, the SAR value, which 
represents the amount of radiation absorbed by the us- 
er, becomes rather high, especially in the higher fre- 
quency band. 

50 [0008] An object of the present invention is to provide 
a planar antenna with at least two resonating frequen- 
cies. Another object of the present invention is that the 
planar antenna according to it can be tuned in a versatile 
manner. Yet another object of the invention is that the 

55 antenna according to it has a relatively low SAR value. 
[0009] These and other objects of the invention are 
achieved by a planar antenna structure which has an 
outer branch and an inner branch such that the outer- 
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most end of the inner branch is for the most part sur- 
rounded by the outer branch. 

[0010] The planar antenna according to the invention 
comprises a planar radiating element formed of a con- 
ductive area confined within a substantially continuous 
border line, said conductive area being split by a non- 
conductive gap which divides the planar radiating ele- 
ment into a first branch and second branch such that 
both the first and the second branch have an outermost 
end, and which has a head end at said substantially con- 
tinuous border line and a tail end within the conductive 
area. The planar antenna according to the invention is 
characterized in that at its head end the gap has a cer- 
tain first direction and at another point of the gap it has 
a certain second direction which differs more than 90 
degrees from the first direction when the directions are 
defined from the head end to the tail end of the gap, 
whereby the outermost end of the second branch, con- 
fined by the gap, is located within the continuos border 
line, surrounded by the first branch. 
[0011] The invention is also directed to a radio appa- 
ratus. It is characterized in that it comprises a planar 
radiating element like the one described above and a 
ground plane which is substantially parallel to said radi- 
ating element and located with respect to the planar ra- 
diating element such that in the typical operating posi- 
tion of the radio apparatus it is between the planar radi- 
ating element and the user of the radio apparatus. 
[0012] The planar antenna according to the invention 
comprises a planar radiating element split into at least 
two branches by a gap. The electrical lengths of the 
branches are chosen such that the first branch efficiently 
operates as an antenna at a first operating frequency of 
the structure and, respectively, the second branch effi- 
ciently operates as an antenna at a second operating 
frequency of the structure. An advantageous method is 
to choose the electrical lengths such that the electrical 
length of each branch corresponds to a quarter of a 
wavelength at the desired operating frequency. The 
feed point and ground contact(s) of the antenna are pref- 
erably located near the point where the branches come 



particular frequency ranges can be made smaller than 
without said capacitive loading. In addition, the location 
and shape of the gap affects the ratio of the resonating 
frequencies of the antenna, as well as the bandwidth in 

s both resonating frequency ranges. 

[001 5] In accordance with a preferred embodiment of 
the invention the gap is shaped such that at least the 
branch corresponding to the lower resonating frequency 
gets wider either in steps or steplessly towards its out- 

10 ermost end. A branch that gets wider towards its outer 
end facilitates a smaller radiating element without con- 
siderably compromising the radiation or impedance 
bandwidth. 

[0016] The invention will now be described in more 
is detail with reference to the preferred embodiments pre- 
sented by way of example and to the accompanying 
drawings wherein 



[0013] In order to minimize the SAR value the outer- 
most end of the second branch is located such that it is 
not by the edge of the planar radiating element but is 
substantially surrounded by the first branch. It has prov- 
en advantageous that the second branch then is the 
branch corresponding to the higher operating frequen- 
cy. The layout is brought about by shaping the gap at 
least in some parts strongly curvilinear so that the out- 
ermost end of the second branch remains on the con- 
cave side of the curved portion of the gap. 
[0014] The electrical characteristics of the antenna 
structure strongly depend on the width and shape of the 
gap. It is usually advantageous to have rather a narrow 
gap so that the branches function as capacitive loads to 
each other. Capacitive loading decreases the resonat- 
• ing frequencies so that an antenna intended for certain 



Fig. 1 

20 

Fig. 2 
Fig. 3 
25 Figs. 4a, 4b 
Fig. 5 
Fig. 6 

30 

Fig. 7 
35 Figs. 8a to 8k 



shows the basic PIFA structure 
known in the art, 

shows a PIFA structure known in 
the art, 

shows a known planar radiating el- 
ement design, 

show known dual-frequency planar 
radiating element designs, 
shows a known dual-frequency pla- 
nar radiating element design, 
shows a planar radiating elemer 
design according to the invention, 
shows an advantageous location of 
the planar radiating element ac- 
cording to Fig. 6 in a radio appara- 
tus, and 

show alternative planar radiating el- 
ement designs according to the in- 
vention. 



[0017] Above in conjunction with the description of the 

40 prior art reference was made to Figs. 1 to 5, so below 
in the description of the invention and its preferred em- 
bodiments reference will be made mainly to Figs. 6 
through 8k. Like elements in the drawings are denoted 
by like reference designators. 

45 [0018] Fig. 6 shows a planar radiating element 600 
which is substantially shaped like a continuous rectan- 
gle. A dividing gap starts from a point on the edge of the 
rectangle and is directed inside the planar radiating el- 
ement, at first perpendicular to the edge of the radiating 

50 element. This straight portion can be called the first por- 
tion 601 of the gap. The second portion 602 of the gap 
is at an angle of 90 degrees with the first portion and is 
directed downwards with respect to the position shown 
in the drawing. The third portion 603 of the gap is again 

55 at an angle of 90 degrees with the second portion, i.e. 
parallel to the first portion; if, however, the directions of 
the portions are defined from the start point of the gap 
towards its end, the third portion is at an angle of 180 
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h the first portion. 
[0019] The planar radiating element 600 divided by 
the gap resembles an angular, horizontally mirrored let- 
ter G, wherein the feed point 604 and ground contact 
605 are located near the outer end of the horizontal por- 
tion of the G. From the point of view of the invention it 
is not essential where in the radiating element the feed 
point and ground contact are located, but their location 
affects the dimensions of the branches of the radiating 
element. The electrical length of each branch is in a cer- 
tain proportion to its physical dimensions, especially to 
the distance between the ground contact and the outer- 
most end of the branch, measured along the center line 
of the branch. In the structure according to Fig. 6 where 
the branches are in fact the first and second ends of one 
and the same conductive strip of a given non-varying 
width, the junction of the branches is defined as the point 
where the feed point and ground contact(s) are located. 
Fig. 6 also shows, in broken line, the lower part of the 
ground plane 606. Advantageously the ground plane is 
at least in one direction somewhat bigger than the planar 
radiating element, located parallely with the radiating el- 
ement and extending in said one direction farther than 
the radiating element. In this kind of a structure, the 
branch corresponding to the lower resonating frequency 
of the planar radiating element is advantageously locat- 
ed such that its outermost edge is near to the edge of 
the ground plane. So, it would be disadvantageous to 
have the planar radiating element according to Fig. 6 
mirrored vertically such that the outer end of the branch 
corresponding to the lower resonating frequency would 
end up on that side where the ground plane 606 extends 
considerably farther than the radiating element. 
[0020] Fig. 7 shows an advantageous arrangement 
for providing an antenna structure in a radio apparatus 
wherein the radiating antenna element is a planar radi- 
ating element according to Fig. 6. By way of example, 
the radio apparatus is in this case a mobile phone 700 
shown in the drawing the exterior case opened such that 
the keypad, display and loudspeaker, which are known 
to be found in a mobile phone, are facing down and 
therefore not shown. A first printed circuit board 701 or 
another substantially planar surface inside the mobile 
phone comprises a ground plane 702 which is a sub- 
stantially continuous electrically conductive area. The 
ground plane formed on the printed circuit board may 
be located on the surface of the printed circuit board or 
in an intermediate layer of the printed circuit board. The 
planar radiating element 600 is formed on the surface 
of a second printed circuit board 703 which is attached 
to the first printed circuit board by means of a frame 704. 
A connection is provided from the feed point 604 to the 
antenna port 705 of the radio apparatus via a separate 
connector piece 706. The connection may require a 
lead-through in printed circuit board 703. In this embod- 
iment the same connector piece connects the ground 
contact 605 to the ground plane 702. 
[0021] From the point of view of the invention it is ir- 



relevant how the planar radiating element in the antenna 
structure is attached to the radio apparatus, so in this 
respect Fig. 7 has to be understood to be exemplary on- 
ly. However, the ground plane 702 must exist in some 
s form or another and it must be parallel or almost parallel 
to the planar radiating element 600 to produce a PIFA 
structure. 

[0022] Fig. 7 shows that since the outermost end of 
the second antenna branch is located in the middle part 

10 of the planar radiating element, surrounded by the first 
branch, it is not close to any edge of the ground plane 
702 when assembled. This arrangement will reduce the 
SAR value as in the normal operating position of the mo- 
bile phone the ground plane will be located between the 

is radiating antenna element and the user's head and as 
the ground plane covers - viewed from the outermost 
end of the second branch - a very large sector in the 
direction of the user's head. The electric field is at its 
greatest at the outermost end of the branch correspond- 

20 ing to the higher operating frequency. It is advantageous 
to reduce the SAR value because all radiation absorbed 
in the user is wasted from the point of view of radio com- 
munication and thus degrades the signal-to-noise ratio. 
[0023] Figs. 8a to 8k show various alternative planar 

25 radiating element designs. The invention is not limited 
to the designs shown; rather, they are included mainly 
to illustrate the various application possibilities of the in- 
vention. All designs can also be realized mirrored with 
respect to any straight line or point. The locations of the 

30 feed point and ground contact are interchangeable, and 
they can also be located elsewhere. The exemplary lo- 
cation of the feed point is marked 801 in all figures, and 
the exemplary location of the ground contact is marked 
802. 

35 [0024] Fig. 8a shows an embodiment of the invention 
which complies with the same principle as the embodi- 
ment depicted in Figs. 6 and 7, but in which the start 
point of the gap is located on the long side of the rec- 
tangle confining the planar radiating element, and in 

40 which the angles of the gap are not right angles. In Fig. 
8b both branches of the planar radiating element be- 
come continuously wider from a certain narrower point 
on towards the outermost end. With this kind of an ar- 
rangement it is possible to realize a somewhat smaller 

45 antenna, without the radiation or impedance bandwidth 
becoming considerably narrower, because the radiating 
antenna element is at its widest where the electric field 
is the greatest, i.e. at the open ends of the branches. 
Fig. 8c shows a variant of this structure where the basic 

50 shape of the planar radiating element is not a rectangle 
and where only the end of the branch corresponding to 
the lower operating frequency becomes wider. In addi- 
tion, in Fig. 8c the feed point is located somewhere else 
than by the edge of the planar radiating element; this 

55 property is naturally applicable in the other embodi- 
ments as well. In the embodiment of Fig. 8d the gap is 
not comprised of straight segments but of a continuous 
curved portion. In the embodiment of Fig. 8e, too, the 
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gap is curved but has its start point on the short-side of 
the rectangle which serves as the basic shape. In the 
embodiment of Fig. 8f the width of the gap is not con- 
stant throughout but includes portions that become nar- 
rower and wider in a stepless fashion. In Fig. 8g the 
width of the gap changes in steps. In Fig. 8h the basic 
shape of the planar radiating element is not rectangular 
but circular. In Fig. 8i the gap branches out so that the 
outermost end of the first branch also ends up in the 
middle portion of the radiating element, away from the 
vicinity of its edges. 

[0025] Furthermore, Figs. 8j and 8k illustrate how on 
one side the ground plane 702 extends considerably far- 
ther than the planar radiating element. Figs. 8j and 8k 
show planar radiating element designs that have proven 
very efficient in practice. 

[0026] If the shape of the gap is very irregular, it may 
be difficult to perceive where the outermost ends of the 
branches are located. For such situations a general def- 
inition is applicable, which says that the outermost end 
of a branch is that farthest point from the feed point 
where a local electric field maximum is generated when 
the antenna is used. 

[0027] Tuning of the antenna structure according to 
the invention, i.e. the selection of operating frequencies 
and bandwidths, is preferably performed by choosing a 
suitable gap shape. The longer the gap, the greater the 
electrical lengths of the branches confined by it, i.e. the 
lower the operating frequencies of the antenna struc- 
ture. The antenna may even be manufactured such that 
the gap is initially a little too short so that the operating 
frequencies are a little higher than desired, and the gap 
is extended by removing conductive material from its 
end, at the same time measuring continually the char- 
acteristics of the antenna, whereby the operating fre- 
quencies can be set just right. Above it was already stat- 
ed that the gap is preferably relatively narrow so that the 
branches act as capacitive loads to each other, thus de- 
creasing the operating frequencies. This phenomenon 
can be utilized such that if the operating frequencies of 
an antenna are to be increased, conductive material is 
removed from the edge of the gap. Usually, however, 
widening the gap also increases the ratio of the frequen- 
cies, i.e. the higher operating frequency increases rela- 
tively more than the lower one. At the same time, the 
bandwidth at the higher operating frequency usually de- 
creases and the bandwidth at the lower operating fre- 
quency increases. A suitable detailed shape and loca- 
tion of the gap can be found by experimenting. 
[0028] The invention is not limited to the exemplary 
embodiments described above but it can be modified 
within the scope defined by the claims set forth below. 
For example, the planar radiating element may be 
curved in the same way as in the prior-art planar anten- 
na depicted in Fig. 2. The invention finds particular utility 
in compact, portable radio apparatuses which have a 
certain typical operating position, which is known in ad- 
vance, because then the locations of the planar radiat- 



ing element and ground plane in the radio apparatus can 
be chosen such that the SAR value is minimal in the 
typical operating position. The operating frequencies 
which the antenna is dimensioned for are preferably 
5 from a few hundred megahertz to a few thousand meg- 
ahertz. 



Claims 

10 

1 . A planar antenna comprising a planar radiating el- 
ement (600) which is formed of a conductive area 
confined by a substantially continuous border line 
and split by a non-conductive gap which divides the 

'5 planar radiating element into a first branch and sec- 
ond branch such that both the first branch and the 
second branch have an outermost end, and which 
gap has a head end on said substantially continu- 
ous border line and a tail end within the conductive 

20 area, characterized in that at its head end (601) 
the gap has a certain first direction and at another 
point (603) a certain second direction which differs 
from the first direction by more than 90 degrees 
when the directions are defined along the gap from 

25 the head end towards the tail end, whereby the out- 
ermost end of the second branch, confined by the 
gap, is located within the continuous border line, 
surrounded by the first branch. 

30 2. The planar antenna of claim 1, characterized in 
that said planar radiating element is a conductive 
pattern formed on the surface of a dielectric board 
(703). 

35 3. The planar antenna of claim 1, characterized in 
that the gap consists of three straight portions (601 , 
602, 603) such that the direction of the first portion 
(601) differs from the direction of the third portion 
(603) by 180 degrees. 

40 

4. The planar antenna of claim 1 , characterized in 
that the planar radiating element comprises a feed 
point (604, 801 ) and ground contact (605, 802) such 
that the electrical length from the feed point to the 

45 outermost end of the first branch is considerably 
greater than the electrical length from the feed point 
to the outermost end of the second branch. 

5. The planar antenna of claim 1 , characterized in 
so that the width of the gap is different at various points 

of the gap. 

6. The planar antenna of claim 1 , characterized in 
that the width of at least one branch is different at 

55 various points of the branch. 

7. The planar antenna of claim 6, characterized in 
that the width of said at least one branch increases 



35 



40 
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towards its outermost end. 

8. The planar antenna of claim 7, characterized in 
that the widths of both the first and the second 
branch increase towards the outermost ends of the s 
respective branches. 

9. The planar antenna of claim 1 , characterized in 
that the outermost end of the first branch, too, is lo- 
cated within the continuous border line. 10 

10. A radio apparatus (700) which has a typical operat- 
ing position and which comprises a planar radiating 
element (600) as an antenna, said radiating ele- 
ment being formed of a conductive area confined '5 
by a substantially continuous border line and split 

by a non-conductive gap which divides the planar 
radiating element into a first branch and second 
branch such that both the first branch and the sec- 
ond branch have an outermost end, and which gap 20 
has a head end on said substantially continuous 
border line and a tail end within the conductive area, 
characterized in that 

at its head end (601 ) the gap has a certain first 25 
direction and at another point (603) a certain 
second direction which differs from the first di- 
rection by more than 90 degrees when the di- 
rections are defined along the gap from the 
head end towards the tail end, whereby the out- 30 
ermost end of the second branch, confined by . 
the gap, is located within the continuous border 
line, surrounded by the first branch, and 

the radio apparatus comprises a ground plane 35 
(702) substantially parallel to the planar radiat- 
ing element, located such that in said typical 
operating position it is between the planar radi- 
ating element and the user of the radio appa- 
ratus. 40 
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Fig. 5 
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